Introduction {#S0001}
============

The second most common progressive neurodegenerative disease, Parkinson's disease (PD), remains a public health challenge. In the advanced stages of the disease (advanced Parkinson's disease, APD), patients develop potentially disabling severe motor complications: motor fluctuations and abnormal involuntary movements (dyskinesia, dystonia), which cannot be managed with optimized traditional oral/transdermal PD medications.[@CIT0001]--[@CIT0003] The progressively worsening symptoms have a major impact on the patient's quality of life (QoL), ability to work, and self-reliance. This is the stage when invasive therapeutic options (device-aided therapies, DAT) are considered. The continuous delivery of levodopa (LD) as levodopa-carbidopa intestinal gel (LCIG) has demonstrated not only a significant improvement of motor complications but also improves the patients' ability to perform activities of daily living (ADL), treat their nonmotor symptoms, and improve QoL.[@CIT0004]--[@CIT0006]

Despite the growing global experience with this therapeutic option, a number of unresolved/unspecified practical issues remain, which represent numerous challenges even for movement disorders specialists with expertise in this area. Initiation and long-term maintenance of the efficacy of LCIG treatment require special attention and maximum involvement of a multidisciplinary team. Nonetheless, currently there are few articles available that analyze the reasons that led to the discontinuation of treatment on large groups of patients.[@CIT0007]--[@CIT0010]

The LCIG therapy became available in Romania in 2009. In 2016 a multicenter study was published analyzing data of the first 113 Romanian patients (9 university teaching hospital centers).[@CIT0011]

Objectives and Methods {#S0002}
======================

In recent publications, we evaluated the limits and specificity of the dopaminergic treatment before initiating LCIG therapy and we analyzed the spectrum of motor complications and profiles of patients with APD suitable for device-aided therapies (DAT), all under the specific conditions in Romania.[@CIT0012]--[@CIT0016] In this retrospective study, after 10 years of experience with LCIG as a therapeutic option in APD, we analyzed the causes that led to the discontinuation of the therapy. We analyzed the data of all dropout cases among the 204 patients with APD that initiated LCIG therapy before the end of 2018, in two Romanian centers with high patient turnover: Timisoara (TM, 90 patients) and Târgu Mureș (MS, 114 patients). Both centers are university teaching hospitals with important experience in LCIG therapy (the only DAT option available during the evaluated period) with an average of 9--10 LCIG initiations/year. Also, both centers use the same protocols,[@CIT0017] have dedicated multidisciplinary teams (neurologist, gastroenterologist, psychiatrist, anesthesiologist, nurse with special expertise in PD and device-aided therapies), and benefits from the same aftercare system. Testing and initiation of therapy were done in each case under conditions of continuous hospitalization. The rigorous selection criteria and the preparation of the patients/relatives were already described in previous publications.[@CIT0012],[@CIT0013] All of the patients underwent a nasojejunal test to evaluate their response to continuous administration of LCIG and consequently were considered to be good responders. The data collection was approved by the local ethics committee of each center. Statistical analysis was conducted between patient groups using either one-way ANOVA, unpaired *t*-test, or Fisher's exact test. Values are presented as mean±SD, unless otherwise specified.

Results {#S0003}
=======

Of the 204 patients enrolled 43 patients dropped out. The general characteristics of the dropout patients are presented in [Table 1](#T0001){ref-type="table"}.Table 1General Characteristics of Patients Dropout from LCIG Treatment (n=43)Dropout Rate21% (43/204 Patients)Gender (n, %) Male23 (53.48%) Female20 (46.51%)Age (years, mean±SD) All patients67.47±7.49 Male67.13±8.02 Female67.85±7.02Disease duration until LCIG infusion Years, mean±SD11.67±4.98 Years, median11Levodopa until LCIG infusion Frequency (x/day), mean±SD5.2±1.4 Dose (mg/day), mean±SD894.2±290.4Other treatment until LCIG infusion, n (%) COMTi25 (58.14%) DA29 (67.44%) MAO-Bi19 (44.18%) Amantadine10 (23.25%)MMSE score before initiation of LCIG infusion, mean±SD24.88±2.37Theoretical (calculated) LCIG dose (mg/day), mean±SD1026±274.1Real (titrated/final) LCIG dose (mg/day), mean±SD1399±433.3Titration days of LCIG infusion, mean±SD5.49±2.24LCIG administration Duration (hours/day), mean±SD20.23±4.24 24/24 hours, n (%)23 (53.49%)Duration of LCIG treatment (months), mean±SD21.56±17.00Patients that had PEG-J procedure-related AEs, n (%)18 (41.8%)Patients that had LCIG administration system-related AEs, n (%)17 (39.5%)Polyneuropathy, n (%)14 (32.5%)Hallucinations/confusion related to LCIG, n (%)3 (6.9%)[^2]

We had discontinuation of treatment in 13 cases during the first year: 6 deceased patients (3 cardiac arrests, 2 strokes, and 1 pulmonary embolism case), 1 case of acute psychosis, 1 case of repeated tube displacement (previous gastric resection), 1 case of severe orthostatic hypotension and 4 cases of poor compliance and/or loss of family support (which we consider to be difficult to predict in some cases during the selection process, despite repeated, rigorous evaluations in hospital conditions). Although 18 patients had post-PEG complications and 17 patients had device-related complications, they were of low/medium severity and were not the reason for dropout. The average duration of LCIG treatment was 21.56 months (minimum of 0.5, maximum of 60 months), but if we exclude the 4 cases of low compliance, the duration increases to 25.96 (minimum of 4, maximum of 60 months). It must also be noted that LCIG treatment is generally used during the day (16--18 hours/day); nevertheless, in severe cases, the patient may need 24/24-hour treatment. This is reflected in a mean±SD LCIG administration time of 20.23±4.24 in our study (see also [Table 1](#T0001){ref-type="table"}).

The rate of polyneuropathy confirmed by neurophysiologic assessment was 32.5% (14/43) for dropout patients and 11.18% (18/161) for those who continued LCIG treatment. The latter includes only one case with acute, hyperalgesic symptoms, which improved after symptomatic treatment, and there was no need to stop LCIG treatment. In 15 cases, as we did not have updated electrophysiological data, we relied on a verbal questionnaire, which did not reveal subjective symptoms suggesting polyneuropathy.

The dropout patients presented significant differences regarding the clinical status before and after LCIG initiation, their clinical improvement confirming the efficiency of this treatment option ([Table 2](#T0002){ref-type="table"}).Table 2Clinical Evaluation of Dropout Patients Before and After LCIG InitiationBefore Testing for LCIGFirst full Evaluation After PEG-JPHoehn and Yahr score, mean±SD ON state3.51±0.503.14±0.350.0004 OFF state4.58±0.503.77±0.47\<0.0001OFF duration (hours), mean±SD5.47±1.461.79±0.710.0001Mild/moderate dyskinesia (n)2725 Duration (hours), mean±SD2.48±0.801.58±0.720.0002Severe dyskinesia (n)102 Duration (hours), mean±SD1.70±1.341.50±0.71NABiphasic dyskinesia (n)1212 Duration (hours), mean±SD3.25±0.871.50±0.430.0001[^3]

During the whole investigated period, 43 patients dropped out. Death occurred in 33 cases (the causes of deaths are presented in [Figure 1](#F0001){ref-type="fig"}). It is worth mentioning that we only had a single case in which we consider that the death may be related to the jejunal tube, a patient with intestinal-mesenteric infarction followed by sepsis. In the other 10 cases the cause of dropout was: psychosis in 2 cases, repeated tube displacement in 1 case, severe orthostatic hypotension in 1 case, recurrent colon carcinoma in 1 case, reduction of therapy efficiency in 1 case (after 24 months, caregiver option and decision), and poor compliance/loss of family support in 4 cases.Figure 1Cause of death in LCIG dropout patients (n=33).

The comparative analysis between dropout patients and those who continued the treatment is presented in [Table 3](#T0003){ref-type="table"}. Disease duration (years, mean±SD) until LCIG was significantly longer in dropout patients (11.67±4.98 versus 9.44±3.44). Also, dropout patients had a more severe disease, both regarding motor symptoms and cognitive decline, when compared to patients who continued treatment.Table 3Comparative Analysis of Dropout Patients and Those Who Continued TreatmentPatients Dropout from LCIG Treatment (n=43)Continued LCIG Treatment (n=161)pGender, n (%)0.3832 Male23 (53.48)99 (61.49) Female20 (46.51)62 (38.51)Age (years), mean±SD All patients67.47±7.4964.04±7.420.0739 Male67.13±8.0263.77±7.400.0651 Female67.85±7.0264.47±7.490.1248Disease duration until LCIG infusion Years, mean±SD11.67±4.989.44±3.440.0174 Years, median119Hoehn and Yahr score, mean±SD ON state3.51±0.503.13±0.39\<0.0001 OFF state4.58±0.504.19±0.52\<0.0001 OFF duration (hours), mean±SD5.47±1.464.60±0.970.0002Levodopa until LCIG infusion Frequency (x/day), mean±SD5.2±1.45.03±0.780.8346 Dose (mg/day), mean±SD894.2±290.4918.0±249.10.6366 MMSE score before initiation of LCIG infusion, mean±SD24.88±2.3727.07±2.02\<0.0001LCIG treatment duration Months, mean±SD21.56±17.0030.14±22.52\*0.033 Polyneuropathy, n (%)14 (32.5)18 (11.18)0.0016 Hallucinations/confusion related to LCIG, n (%)3 (6.9)8 (4.9)0.7029[^4]

Discussion {#S0004}
==========

Despite the growing number of therapies with proven symptomatic efficacy in PD in the recent decades, substitution therapy with LD formulations (the gold standard in PD therapy) is key for the best clinical improvement at all stages of the disease. A major disadvantage of long-term LD treatment is the occurrence of motor complications (fluctuations and dyskinesias) that significantly impair the QoL; the rate of complications exceeds 90% after a 10-year disease duration.[@CIT0018] These disadvantages should be alleviated by adding drugs that improve the LD bioavailability (in variable associations and dosages) such as the third-generation catechol-O-methyltransferase inhibitor (COMTi) opicapone, monoamine oxidase type B inhibitor (MAO-Bi) and glutamate modulator safinamide.[@CIT0019]--[@CIT0021] Clinical studies evaluating the efficacy of inhaled LD showed its efficiency regarding the reduction of motor fluctuations that usually accompany standard preparations.[@CIT0022] The continuous delivery of LCIG directly into the proximal small intestine via percutaneous endoscopic gastro-jejunostomy (PEG-J) provides more stable plasma concentrations of LD.[@CIT0001],[@CIT0023],[@CIT0024] This reduces motor response fluctuations and has also been shown to improve non-motor complaints commonly associated with chronic oral LD therapy. The tolerability profile of LCIG is generally comparable with that of oral therapies, with the exception of events related to the delivery system and its placement.[@CIT0025] Furthermore, a recent systematic review and meta-analysis demonstrated that LCIG has comparable effects to STN-DBS on motor functions for advanced PD, with acceptable tolerability.[@CIT0026]

Despite the unanimously recognized efficacy and experience gained in recent years, many (especially practical) issues related to the successful initiation of LCIG therapy as well as the maintenance of the efficacy in case of long-term therapy remain unclear. It should be noted that there is still no unanimously accepted definition of APD.[@CIT0001]--[@CIT0003] In advanced stages of the disease, in addition to the inevitable motor complications, a wide range of non-motor symptoms/complications (NMS) worsen QoL and limit the therapeutic possibilities. As experts focused extensively in recent years on NMS in PD[@CIT0002],[@CIT0003],[@CIT0027]--[@CIT0029] it has been documented that disability in the advanced stage of the disease is a blend of both LD-resistant motor symptoms and NMS. Patients therefore no longer fit into the "classic" definition of APD when characterized by disabling motor complications exclusively. Using a rigid set of eligibility criteria in the decision process to switch to DAT in general and LCIG in particular, is neither always helpful nor accurate. Furthermore, a consensus statement from an international panel of experts suggested that intrajejunal levodopa infusion is considered as both therapeutic and palliative in some countries for patients who have cognitive impairment or dementia, broadening its potential use beyond the strict motor improvement. This group also suggested that LCIG may also be considered for patients older than 70 years who have mild or moderate cognitive impairment or severe depression.[@CIT0001] Further expert consensus is therefore required and needed.

Regarding the time of initiation, the LCIG titration (in the nasojejunal testing phase) and the management of the previous dopaminergic medication are largely "left" at the clinician's personal option and experience. The same is true regarding the maintenance or withdrawal of associated drugs for combination therapy. These facts explain the lack of clear recommendations from experts, although these would be particularly important for increasing long-term efficiency and lowering the dropout rate. It is rational to assume that polypharmacy and complex treatment regimens may contribute to non-adherence. These might have been the reasons why in many centers (even in clinical trials) the overnight switch was preferred from the last dopaminergic medication to LCIG (overlooking the risk of Dopamine Agonist Withdrawal Syndrome, DAWS). In this context, the results of the COSMOS study are expected with great interest (a multi-country, retrospective, cross-sectional, post-marketing observational study; the first study fully dedicated to collecting real-world data assessing add-on PD medication used before and during LCIG long-term therapy in a large patient cohort).[@CIT0030]

In a previous publication,[@CIT0012] we discussed the permanent dilemma between the natural tendency (both from the APD patient's and the attending physician's perspective) to delay the moment of the initiation of an invasive therapy and the observation which is more and more outlined in the literature in the last years that the clinical benefits obtained with DAT are superior in patients with shorter disease duration.[@CIT0031] In other words, there is the possibility that in the case of "delayed" initiation, some of the benefits of an "on time" initiation may be lost. An "unjustified" delay may involve older patients with more comorbidities. Thus, in addition to losing an acceptable/improved QoL period, it requires more combined medication, with increased risk of drug interactions, side effects, and poor adherence.

Determining which APD patients may benefit from DAT can be challenging. Expert recommendations suggest that if the patient presents at least 2 hours off periods and/or 1 hour of severe dyskinesia, despite the administration of at least 5 doses of LD and with optimized oral/transdermal therapy, DAT should be taken into consideration.[@CIT0001],[@CIT0032],[@CIT0033] These characteristics were present in patients with APD (and potentially eligible for DAT) in the OBSERVE-PD study (cross-sectional, observational study, conducted with 2615 PD patients at 128 movement disorder centers in 18 countries).[@CIT0034] However, in real-life practice, the duration and severity of the motor complications at the time of the decision for DAT may be even worse. In our previously presented study (311 APD patients), the patients that we considered not to have exhausted the limits of conservative treatment had on average 2.8±0.8 hours off periods, whereas those considered suitable for DAT had 4.7±1.1 hours off.[@CIT0012] Compared to these values, in this present study, patients who discontinued the LCIG treatment had a mean off period duration of 5.47 hours ([Table 2](#T0002){ref-type="table"}). The fact that these patients were in a more advanced stage of the disease is also suggested by the high score on the Hoehn and Yahr (HY) scale: during on stage 3.51±0.50, whereas during off stage 4.58±0.50 (with 23 patients having a HY score of 5 during off stage). By comparison in our previous study the patients that were considered suitable for DAT had 3.34±0.5 HY score during on periods and 4.5±0.5 HY score during off periods.[@CIT0012] In the GLORIA registry (24-month, multi-national, non-interventional, observational registry; 375 APD patients received LCIG treatment at 75 movement disorder centers across 18 countries) the average HY value during on periods was 2.8±0.8 whereas for the off period was 4.0±0.9.[@CIT0005] The fact that the mean LCIG administration time was 20.23±4.24 hours/24 hours (of which 23 cases required 24/24 administration) also suggests more severe PD.

Discontinuation rates published in literature are difficult to compare, given the different methods of data collection and the duration of the evaluated periods (both in pivotal and in open studies). In a retrospective review published by Nyholm et al, long-term data indicate that 31% of patients treated with LCIG discontinue therapy and 17% die by an 8-year median treatment duration.[@CIT0010] In an Italian multicenter survey of 905 patients with long-term follow-up (mean center follow-up was 6.1 years±3.0)[@CIT0008] the 25.7% dropout rate was considered quite low compared to other series[@CIT0035],[@CIT0036] where it reached nearly 40% and occurred most frequently during the first year of treatment. The causes that led to the dropout may change in time. Callandrella et al in a 2015 publication[@CIT0037] identified two major causes of discontinuation during the first year: postsurgical stoma infection and worsening of dyskinesias. Compared to these data the 21% discontinuation rate in our group can be considered low. The mortality rate was similar to those found in literature,[@CIT0031] but there is a difference regarding the causes of dropouts during the first year. Out of the 13 patients 6 deceased, there were 4 cases of poor compliance and/or loss of family support, one case each of psychosis, repeated tube displacement and severe orthostatic hypotension. The death causes are very similar to those found in previous publications.[@CIT0038]

In a recently published retrospective, longitudinal observational study, Artusi et al, investigating the potential predictors of mortality among numerous clinical and demographic features, observed that a lower MMSE score before starting LCIG negatively influenced survival. In particular, they found that an MMSE cut-off of 26 is significantly associated with mortality; patients scoring \<26 have a 2.8 fold higher risk of death.[@CIT0038] In contrast to their results (MMSE score 26.3 ± 3.3), in our dropout group, the mean MMSE was 24.88±2.37 (also significantly lower when compared to patients with ongoing treatment - 27.07±2.02).

Regarding polyneuropathy, in the last decade, it has become increasingly recognized that it occurs with higher frequency in PD patients on LD treatment compared with age-matched controls.[@CIT0039],[@CIT0040] A recent systematic review revealed that over one-third of PD patients in treatment with L-dopa may develop polyneuropathy, with a significantly higher prevalence of acute and subacute forms in those receiving LCIG.[@CIT0041] It has been hypothesized that a high-dose of LD favors high levels of homocysteine and methylmalonic acid or reduces the absorption of vitamins (B6, B12) and folate. Vitamin B6 and folate deficiency in the setting of LCIG infusion have been associated with weight loss and subacute axonal sensorimotor polyneuropathy. In the GLORIA registry polyneuropathy was found in 16 (4.5%) cases.[@CIT0005] In the Barcelona registry (72 APD patients with a mean observation time of 22 months and a maximum of 48 months) the authors reported two patients with polyneuropathy (no cause for dropout).[@CIT0036] Mancini et al evaluated 3 groups of consecutive PD patients: 50 on LCIG, 50 on oral LD, and 50 on other dopaminergic therapy. The frequency of polyneuropathy (with no other cause) was 28% in LCIG-treated, 20% in oral levodopa-treated, and 6% in other dopaminergic-treated PD patients.[@CIT0042] Slevin et al in an open-label extension of the double-blind pivotal study in APD patients treated with LCIG, over the entire study, reported polyneuropathy as an adverse event (AE) in 6 (9.7%) patients; in none was this serious or led to study discontinuation.[@CIT0039] In the previously mentioned Italian multicenter survey chronic polyneuropathy was found in 10.6% of cases.[@CIT0008] In our dropout patients, we found a rate of polyneuropathy (confirmed by neurophysiologic assessment) of 32.5%, which we consider high, even if in 3 cases a pre-existing condition might have contributed to this complication (2 cases of diabetes and 1 case of previous gastro-duodenal resection). Nevertheless, we do not consider the appearance of polyneuropathies as a direct cause of discontinuation.

In a recent study, we evaluated the characteristics of real-life therapeutic strategies versus therapeutic availability in PD patients and we mentioned the lack of add-on options and limited access to DAT in our region, which significantly influences the decision-making process.[@CIT0012] Based on those results and the findings of this study, despite all its limitations, we consider that a more severe stage of the disease and the presence of cognitive impairment can be considered as predictive factors for dropout. The association of polyneuropathy may have similar importance. We continue to believe that the careful evaluation and selection of patients, the existence of an adequately trained and involved caregiver as well as the initiation of LCIG treatment after prior testing in hospital conditions are essential elements for reaching the maximum therapeutic benefit and long-term efficacy. It is likely that the timeline change of dropout causes (especially in the first year) mentioned above is due to these factors. All APD patients tested and initiated with LCIG would improve regardless of their baseline characteristics. However, the long-term benefits of the treatment might be greater in patients with less advanced PD (both from the point of view of disease duration/severity of motor symptoms and complications).[@CIT0031] Recently there have been published opinions that the initiation of therapy can be done with the help of telemedicine, under outpatient titration or even without the NJ testing phase.[@CIT0043]--[@CIT0045] Due to the potential of overlooking factors that would increase the dropout rate, our suggestion is that these options should be used only in cases where access to a tertiary center and implicitly the possibility of regular check-ups or the resolution of complications in an emergency regime is limited/difficult (eg, large distances, already institutionalized patients, limitation of hospitalizations due to unforeseen circumstances, such as pandemics, etc.).

In our recent in-press article in which we evaluated the spectrum of gastrointestinal symptoms, we underlined the importance of defining the gastroenterological profile of patients with APD (which would also have the advantage of easing the decision in selecting the DAT option considered most appropriate, in other words identifying the category of patients with the greatest long-term benefits from LCIG treatment)[@CIT0046]. Therefore, taking all these aspects into account when initiating patients on LCIG, it would be useful to identify a "risk profile" of dropout (which is supposed to increase over time). Thus, in patients with multiple comorbidities, in those with cognitive impairment, in those who require significantly higher doses compared to the calculated doses and/or continuous administration for 24 hours, in those with dopaminergic side-effects, etc., additional measures such as more frequent evaluations, greater involvement of the aftercare surveillance could extend the therapeutic benefit of LCIG. In this context, we emphasize the importance of the ongoing multidisciplinary management (psychiatry, gastroenterology, etc.) even after initiating LCIG treatment.

We consider our results representative. In previous publications, we documented that the therapeutic strategies used in the treatment of PD in our region are similar to those found in literature.[@CIT0047]--[@CIT0049] We want to reaffirm that in Romania the suitability of DAT for APD can only be assessed in a university teaching hospital setting. We also want to highlight the fact that in Romania a number of well-established LD preparations and adjunctive therapies (safinamide, opicapone, tolcapone, extended-release amantadine, or subcutaneous apomorphine injection for rapid relief of off episodes) that are well suited to the treatment of APD are still not available. Also, in our region the only available DAT is LCIG.[@CIT0012] Therefore, we believe that all these factors, when considered together, faithfully reflect not only the Romanian but maybe the Central-Eastern European situation of challenges, limitations, and difficulties in the long-term management of LCIG treatment in APD. The retrospective method also has its limitations: the difficulty of assessing the impact of the involvement of the caregiver and incomplete or missing data for some characteristics. For instance, we could not document properly the weight loss, the exact cause of death of institutionalized patients and we may underestimate the total number of AEs and other relevant complications related to the LCIG administration system.

Conclusion {#S0005}
==========

The causes of discontinuation from LCIG therapy in Romanian patients are similar to those from other centers; however, the rate of dropouts is somewhat lower.

The decade long acquired experience in selecting and treating the patients in advanced stages of PD can increase their therapeutic adherence. Moreover, the presence of a well-trained and involved caregiver along with the availability of a proper aftercare system is mandatory for maintaining the long-term benefits of the therapy and the overall best outcome possible.

Targeted prospective studies are needed to confirm whether a more severe stage of the disease and cognitive impairment at the time of initiation, respectively, the association of polyneuropathy can be considered as predictive factors for dropout. Also, a proper definition of the profile of the patient with APD which would maximally benefit for long time from LCIG treatment would be both useful and necessary.
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